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(54) Nitrocarburized component for an electromagnetic friction clutch assembly 



(57) An eiectromagnetically actuated friction clutch 
(10) Includes a rotatably driven input gear (11). A rotat- 
abie armature (14) is connected to the input gear (11) 
and includes a friction face (1 5) and nitrocarburized out- 
er surfaces. A pole piece (18) has a pole face (20) for 
engaging the friction face (15) of the armature (14) and 
nitrocarburized outer surfaces. An electromagnet (22) 
generates an electromagnetic field to shield the arma- 



ture (14) from a disengaged position to an engaged po- 
sition wherein the friction face (15) of the armature (14) 
and the pole face (20) of the pole piece (18) are friction- 
ally engaged. An output shaft (1 2) is driven by the input 
gear (11) when the armature (1 4) is in the engaged po- 
sition. The nitrocarburized outer surfaces of the arma- 
ture (14) and the pole piece (1 8) resist wear, while inte- 
rior portions of the armature (14) and pole piece (18) 
direct magnetic flux flow along a desired path. 
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DeeoHptlon 

BACKGROUND OF THE f NVEfvlTlOr>| 

This invention relates in general to electromagnet- 
ically actuated friction clutch assemblies and In particu- 
lar to nrtrocaruurized components for use In an electro- 
magnetically actuated friction clutch assembly. 

Clutches are well known devices which are com- 
monly used In machinery to selectively connect a source 
of rotational power to a rotatably driven mechanism. A 
basic clutch structure Includes an Input shaft connected 
to the source of rotational power, an output shaft con- 
nected to the rotatably driven mechanism, and means 
for selectively connecting the input shaft to the output 
shaft for concurrent rotation. When the means for selec- 
tively connecting is engaged, the Input shaft is connect- 
ed to the output shaft so as to rotatably drive the mech- 
anism. When the means for selectively connecting Is 
disengaged, the Input shaft is disconnected from the 
output shaft, and the mechanism Is not rotatably driven. 
Many different typos of clutches are known In the art for 
accomplishing this general purpose. 

In friction typs clutches, the input ahafl Is connected 
to an Input member which is rotatably driven by the 
source of rotational power. The input member is usually 
fixed in a predetermined axial position. Such a friction 
clutch further includes an armature which is constrained 
to rotate with the input member, but ie free to move soc- 
ially relative thereto between engaged and disengaged 
positions. In the engaged position, the armature iriction- 
ally engages an output member which Is connected to 
the output shaft. When this occurs, the output shaft is 
driven to rotate with the input shaft. In the disengaged 
position, however, the armature Is spaced apart from the 
output member and, therefore, provides no rotational 
driving connection therewith. Often, the armature is nor- 
mally maintained in tho disengaged position so as not 
to frictionally engage the output member unless affirm- 
atively moved into the engaged position. Friction clutch- 
es of this general type are well known In the art. 

In eome friction clutches, an electromagnet is used 
to cause movement of the armature between the en- 
gaged and disengaged positions. Electromagnetically 
actuated friction clutches operate on the principle that a 
magnetic field which is created about a component 
formed from a magnetically permeable material will ex- 
erts mechanical force on that component. This mechan- 
ical force will urge the component to move to a position 
of minimum resistance relative to the flow of magnetic 
flux (lines of force) generated by the magnetic field, usu- 
ally referred to as a position of minimum reluctance. 
Thus, in electromagnetically actuated friction clutches, 
the armature and the output member are usually both 
formed from a magnetically permeable material. When 
the electromagnet Is energized, the electromagnetic 
field generated thereby attracts the armature toward the 
output member. Aa a result, the armature Is moved from 



the disengaged position to the engaged position to con- 
nect the Input shaft to the output shaft and, thus, cause 
the driven device to be rotatably driven by the source of 
rotational power. 
£ The output member of the efectromagnetically ac- 
tuated friction clutch is typically embodied aa an annular 
pole piece having a generally U-shapsd cross section. 
The pole piece is formed having a flat pole face which 
Is normally axially separated from the armature by a rel- 

10 ative small air gap. Because they are both formed from 
a magnetically permeable material, tha armature will be 
attracted to move axially toward the output member 
when the electromagnet is energized. To Increase the 
magnitude of this magnetic attraction, and thereby In- 

* * crease the torque transmitting capability of the clutch as 
a whole, the armature and the pole face of the pole piece 
are frequently divided into one or more pole regions by 
a non-magnetlcaiiy permeable material. These sepa- 
rate pole regions cause the magnetic flux generated by 

20 the electromagnet to Jump back and forth several times 
across the air gap separating the armature and the pole 
face when the electromagnet ie energized. For reasons 
which are well known in the art, this magnetic flux dis- 
continuity structure, or more simply flux break, is effec- 
ts tiveto increase the magnitude of the magnetic attraction 
between the armature and the pole piece. 

An armature and a pole pieco frictionally engage 
one another when a clutch is energized. Friction surfac- 
es of these components tend to wear and reduce the life 

$0 of a clutch. To counter such wear, engaging components 
in a clutch have been made from materials such as high 
and medium carbon steels. The friction surfaces of the 
engaging components have been hardened by conven- 
tional methods, such ae carburlztng or flame hardening. 

as While such construction has been found acceptable, the 
high and medium carbon steels tend to resist or impede 
the flow of magnetic flux. Furthermore, conventional 
hardening results In relatively large flux resistance. 

In other clutch designs, multiple plates are designed 
to be frictionally engaged by energization of the clutch 
to transfer rotational power from an Input shaft to an out- 
put shaft. Adjacent friction surfaces of these platea tend 
to wear and reduce the life of a clutch. To counter wear, 
the plates have been formed from high and medium 

46 steels and hardened by conventional methods. As stat- 
ed above, while such construction has been acceptable, 
the high and medium steels and conventional hardening 
tend to impede the flow of magnetic flux. 

The art continues to seek improvements. It would 

SO be desirable to form engaging components of a clutch, 
such as an armature and pole piece or multiple plates, 
from a magnetically permeable material which permits 
the flow of magnetic flux with less impedance than high 
and medium steels. Furthermore, it would be desirable 

ss to hardened outer surfaces of the engaging components 
to resist wear from friction without resulting In relatively 
large flux resistance. 
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SUMMARY Q- THE INVENTION 

This invention relates to an improved construction 
for a component for use in an electromagnetically actu- 
ated clutch. The component, such as an armature, a s 
pole piece or a plate, can be formed from a low carbon 
steel and treated with a nrtrocarburizing process prior to 
assembly. The nitrocarburlzlng process forms desirable 
hardened outer surfaces and does not substantially al- 
fect inner regions of the component. The hardened outer 10 
surfaces resist wear from frlctlonal engagement and the 
inner regions provide a path for magnetic flux flow with 
less Impedance than high and medium carbon steels. 

In a preferred embodiment, an electromagnetically 
actuated friction clutch includes a rotatably driven input is 
gear. A rotatable armature is connected to the Input gear 
and includes a friction face and nitrocarburized outer 
surlaces. A pole piece has a pole face for engaging the 
friction face of the armature and nitrocarburized outer 
surlaces. An electromagnet generates an elect romag- 20 
notic field to shift the armature from a disengaged posi- 
tion to an engaged position wherein the friction face of 
the armature and the pole face of the pole piece are f ra- 
tionally engaged. An output shaft Is driven by the input 
gear whon the armature is in the engaged position. The *s 
nitrocarburized outer surfaces of the armature and the 
pole piece resist wear, while interior portions of the ar- 
mature and pole piece remain substantially unaffected 
and direct magnetic flux flow along a desired path. 

Various objects and advantages of this Invention 
will become apparent to those ekiiled in the art from the 
following detailed description of the preferred embodi- 
ments, when read in light of the accompanying draw- 
ings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a schematics sectional view of an electro- 
magnetically actuated friction clutch including an arma- 
ture and a pole piece In accordance with this invention. 

Fig. 2 is an enlarged view of a portion of the clutch 
of Fig. 1 illustrating treated outer surfaces of an arma- 
ture and pole piece according to the present invention, 
wherein the thickness of the treated outer surfaces ha3 
been exaggerated for purposes of clarity of illustration. 

Fig. 3 is an enlargsd view ot a portion of the pole 
piece illustrated in Figs. 1 and 2 illustrating the concen- 
tration of magnetic flux through an interior portion of the 
pole piece. 

Fig. 4 la a sectional view of a conventional pole so 
piece portion similar to the portion in Fig. 3 Illustrating 
the flow of magnetic flux through the portion. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS SS 

Referring now to the drawings, an electromagneti- 
cally actuated friction clutch, indicated generally at 10, 
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In accordance with this invention is schematically Illus- 
trated in Fig. 1 . The basic structure and operation ol the 
clutch 10 are well known. For example, U.S. Pat. No. 
4,1 87,939 to Sifvestrini et a!., assigned 10 the assignee 
of this invention, discloses a similar electromagnetically 
actuated friction clutch. U. S. Pat No. 4,187,939 is in- 
corporated herein by reference. Thus, only those por- 
tions of the electromagnetically actuated friction clutch 
10 which are necessary for a complete understanding 
of this invention will be discussed. 

The electromagnetically actuated friction clutch 10 
is adapted to selectively connect a rotatably driven input 
member, such as an input gear 11 , to a hollow cylindrical 
output shaft 12. The input gear 11 meshes with and is 
constantly rotatably driven by a source of rotational pow- 
er (not shown) in any conventional manner. The input 
gear 11 is rotatably supported on the output shaft 12 by 
any conventional means, such as by a plurality of needle 
bearings 1 3. The electromagnetically actuated friction 
clutch 1 0 also includes an armature 1 4 which Is connect- 
ed to the input gear 1 1 for rotation therewith and for axial 
movement relative thereto in a known manner. The ar- 
mature 1 4 le formed from a generally disk-shaped body 
having a radially extending friction eurface or face 1 5. 
The armature 14 is aleo rotatably supported on the out- 
put shaft 12 by means of a tow friction bearing sleeve 
16. As will be explained in detail below, the armature 14 
Is primarily formed from a magnetically permeable ma- 
terial. 

The electromagnetically actuated friction clutch 10 
further includes a hollow cylindrical rotor 1 7 which is se- 
cured to the output Shaft 12 for rotation therewith. A pole 
piece, indicated generally at 18, is mounted on the rotor 
17 for rotation therewith. Thus, the pole piece 18. the 
rotor 1 7, and the output shaft 1 2 all rotate together as a 
unit. The pole piece 18 is annular and has a generally 
U-shaped cross section, defining an outer axiaily ex- 
tending leg 1 9, a radially extending pole surface or face 
20, and an Inner axiaily extending leg 21 . A coil 22 of an 
electrical conductor fs provided within the pole piece 16 
so as to function as an electromagnet. The coil 22 is 
supported In a non-rotatable manner relative to the pole 
piece 18 by any conventional support structure (not 
shown). The coil 22 may be contained within a housing 
23 positioned between the outer and inner legs 1 9 and 
2 1 of the pole piece 1 8. As will also be explained In detail 
below, the pole piece 1 9 is primarily formed from a mag- 
netically permeable material. 

As Is well known, the coil 22 functions as an elec- 
tromagnet when electrical current is passed there- 
through. When so energized, the coil 22 generates an 
electromagnetic field. Magnetic flux f towe along the path 
indicated by the arrows in Figs. 1 and 2 from the coil 22 
axiaily In a first direction (toward the left in figures) 
through the radially outer leg 1 9 of the pole piece 1 7 and 
across an air gap to the armature 1 4. Then, the magnetic 
flux flows rad'elly Inwardly through the adjacent surfac- 
es of the armature 14 and the pole face 20 of the pole 
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piece 13, jumping back and forth therebetween several 
times as shown. Next, the magnetic flux flows axiaQy in 
a second direction (toward the right in figures) through 
the armature 14 and across an air gap to the radially 
inner teg 21 ol the pole piece 18 back to the coil 22. 

Normally, the armature 14 Is maintained in the dis- 
engaged position illustrated in Fig. 1 , wherein it is axially 
spaced apart from the pole piece 18. A conventional 
spring (not shown) or other known means may be used 
to urge the armature 1 4 toward the disengaged position. 
In this disengaged position, the armature 14 does not 
frictlonally engage the pole faca 20 Of the pole piece 18. 
Asa result, the pole piece 18, the rotor 17, and the out- 
put shaft 12 are not rotatably driven by the input gear 
11. When the coil 22 is energized as described above, 
the flow of magnetic flux causes the armature 14 to be 
attracted toward the pole piece 1 8. If a sufficient amount 
of electrical current Is passed through the coil 22, the 
armature 14 will move axlaliy to an engaged position, 
wherein the friction face 1 5 of the armature 1 4 fictionally 
engages the pole face 20 of the pole piece 18. In this 
engaged position, the frictlonally engagement of the ar- 
mature 14 and the pole piece 18 causes the pole piece 
1 8, the rotor 17, and the output shaft 1 2 to be rotatably 
driven by the Input gear 11. 

To increase the magnitude of the magnetic attrac- 
tion between the armature 1 4 and the pole piece 1 9, and 
thereby Increase the torque transmitting capability of the 
clutch 10, the armature 14 is divided into a plurality of 
regions by a preform 24 formed from a non -magnetically 
permeable material. Preferably, the preform 24 is 
formed as a ring-like annular member that divides the 
armature 1 4 into a radially outer portion 14a and a radi- 
ally Inner portion 14b, as Indicated in Fig. 2. Further- 
more, to Increase the magnitude of the magnetic attrac- 
tion between the armature 14 and the pole piece 18, and 
thus increase the torque transmitting capability of the 
clutch 10, the pole piece 18 is divided into a plurality of 
regions. In the embodiment illustrated In. the drawings, 
a first preform 25 and a second preform 26 are used to 
divide the pole piece 1 8 Into a radially outer portion 1 8a. 
a radially middle portion 1 Bb, and a radially Inner portion 
18c. Preferably, preforms 25 and 26 are formed as ring- 
like annular elements. 

As etatsd above, each of the armature 14 and pole 
piece 18 Is formed from magnetically permeable mate- 
rial, and each may be formed by any suitable means. 
Preferably, the each of the armature 14 and pole piece 
18 are formed from a low carbon steel, such as SAE 
1006, 1008 or 1010. The preforms 24, 25 and 28 are 
formed from a non-megnetlcally permeable material. 
Preferably, the preforms 24, 25, and 26 are formed from 
an alloy of stainless steel powder and pressed in a con- 
ventional manner into a desired shape. If desired, other 
materials, such as relatively small amounts o1 copper or 
a lubricant, may be mixed with stainless steel powder 
prior to being pressed into a preform. In addition to ad- 
vantages related lo magnetic flux flow as described be- 



low, the use of low carbon steel to form the armature 14 
and the poie piece 18 facilitates the use of a precision 
blanking process. 

As a result of the preforms 24, 25 and 26, the mag- 
5 netic flux created by the energized coil 22 flows along 
the path indicated by arrows In Figs. 1 and 2. The mag- 
netic flux travels axially along the outer extending leg 1 9 
(to the left In the figures) and jumps the air gap to the 
outer portion 1 4a of the armature 1 4. However, the mag- 
io netic flux does not substantially permeate the preform 
24. In order to complete the magnetic circuit, the mag- 
netic flux Jumps from the outer portion 14a to the middle 
portion 18b of the pole piece 18, Since preform 25 is 
formed from a norwnagnetteaHy permeable material, 
the magnetic flux does not travel directly from the outer 
portion 16a to the middle portion 18b. Instead, the mag- 
netic flux Is directed through the outer portion 1 4a of the 
armature 14, 

Once at the middle portion 18b, the magnetic flux 
must jump to the Inner portion 14b of the armature 14 
since preform 26 is formed from a non-magnet icaliy ma- 
terial. To complete the circuit, the magnetic flux Jumps 
from the inner portion 1 4b of the armature 1 4 to the inner 
portion 18o. As is well known In thJs art, the flux breaks 
created by preforms 24, 25 and 26 increase the mag- 
netic attraction between the armature 14 and the pole 
piece 18. 

In the enlarged view of Fig. 2, treated outer surfaces 
of the armature 1 4 and the pole piece 16 according to 
the present invention are Illustrated as speckled re- 
gions. For purposes of clarity of illustration, the thick- 
ness or depth these treated surfaces has been exagger- 
ated in Fig. 2. Preparation of the armature 14 and the 
pole piece 18 as described below to create the treated 
outer surfaces further enhances the magnetic attraction 
between the armature 1 4 and the pole piece 1 B, thereby 
further enhancing the torque transmitting capability of 
the clutch 10. 

Prior to assembly in the clutch 10, the armature 14 
is treated with a nitrocarburizing process or an equiva- 
lent. Numerous nitrocarburizing processes are commer- 
cially known, in general, a nitrocarburizing process is a 
nitrlding process conducted at temperatures below ap- 
proximately 720 degrees Celsius to form non-metallic 
compound layers with nitrogen-rich substrates on non- 
alloy steel components. 

A nitrocarburizing process which has been found 
acceptable in the present Invention is known by the 
trademark NITROTEC and licensed by Lucas Electrical 
Lid. of Birmingham, England, in the present invention, 
the nitrocarburizing process produces a thin, hard epsi- 
lon-iron nitride case or layer on the armature 14 by 
means of a low temperature, gaseous nitrocarburizing 
atmosphere with a black oxide formed on the epeilon 
case prior to a final quenching. The armature 1 4 can be 
heat treated and degreased after a quench to provide a 
clean dry surface prior to the nitrocarburizing process to 
enhance hardening requirements. The armature 14 can 
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undergo stress re 1 1 el prior to final machining to reduce 
cracking and excessive distortion from thermal shock or 
dimensional change during nitrocarburizinQ. Preferably 
prior to nrtrocarburizing, the armature 14 will be clean 
and free of scale or oxide, entrapped sand, core mate- 
rial, metal particles, oil, and grease and will be complete- 
ly dry. 

In the present invention, the armature 1 4 Is subject- 
ed to a nitrocarburlzJng process to form a boundary lay- 
er, Indicated at 30 only in Fig. 2, at its outer surfaces, 
while the boundary layer 30 has been exaggerated in 
Fig. 2 for purposes of clarity of illustration, it preferably 
has a depth of up to 0.017 inch. The boundary layer 30 
impedes magnetic flux flow and provides a desirable 
hardened surface. The interior portion, indicated at 32 
only in Fig. 2 of the armature 14 is substantially unaf- 
fected by the nrtrocarburizing procees and thus is not 
hardened. The Interior portion 32 provides an effective 
path for magnetic flux flow. 

In a similar manner, the pole piece 1 8 can 6b treated 
with a nltrocarburizing process described above or an 
equivalent prior to assembly In the clutch 1 0. The nrtro- 
carburizing procees forms a boundary layer, indicated 
at 40 only in Fig. 2, at outer surfaces of the pole piece 
1 8. While the boundary layer 40 has been exaggerated 
in Fig. 2 for purposes of clarity of illustration, it preferably 
has a depth of up to 0.017 Inch. The boundary layer 40 
impedes magnetic flux flow and provides a desirable 
hardened surface. The interior portion, indicated at 42 
only in Fig. 2. of the pole piece 1B Is substantially unaf- 
fected by the nrtrocarburizing process and thus Is not 
hardened. The interior portion 42 provides an effective 
path for magnetic flux flow. 

Conventional armatures have been made from high 
carbon or medium carbon steel and then heat treated to 
provide hardened surfaces to reduce wear caused by 
friction a I engagement with a pole piece. Armatures 
formed In this manner required a relatively high magnet- 
ic field to penetrate the hardened surfaces and travel 
through the medium and high cartxan steel to provide 
the necessary magnetic attraction. The present arma- 
ture 14 can be formed from low carbon steel and then 
subjected to a nitrocarburizing process to provide hard- 
aned surfaces to resist wear. The substantially unaffect- 
ed inierior portion 32 haa less resistance to the magnetic 
field than the interior portion of a high or medium carbon 
steel armature, and tends to concentrate the density of 
the magnetic flux over a smaller area to provide a great- 
er magnetic pull force than that found in a conventional 
armature with equal lines of flux. In a similar manner, 
the greater density of magnetic flux traveling through the 
unaffected area 42 of pole piece 18, reeulting from the 
boundary layer 40, provides a greater magnetic pull 
force than that found in a conventional pole piece with 
equal lines of flux. 

Fig. 3 illustrates an enlarged portion of the pole 
piece 18 of Figs. 1 and 2. The Geometric Pole Area at 
point A is determined by calculating the area of the pole 
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piece id using the outer dimensions of the pole piece 
18. Because the boundary layer 40 tends to Impede 
magnetic flux, the lines of magnetic flux, illustrated In 
Fig. 3 as a plurality of arrows, tends to travel through 
the unaffected Interior portion 42. The Effective Magnet- 
ic Pole Area at point B is determined by calculating the 
area at B inward of the boundary layer 42. Thus, the 
Effective Magnetic Pole Area Is less than the Geometric 
Pole Area. Magnetic Pull Force at B is determined by 
dividing the magnetic flux by the Effective Magnetic Pole 
Area The resulting magnetic Pull Force at B Is greater 
than the magnetic Pull Force for an conventional pole 
piece 1 1 8 Illustrated In Fig. 4 which has not been treated 
in a nrtrocarburizing process according to the present 
invention. As Shown in Fig. 4, the Geometric Pole Area 
at point A1 is the same as the Effective Magnetic Pole 
Area at point B1. Therefore, when an equal number of 
lines of flux pass through the portion of pole piece 18 
Illustrated In Fig. 3 as In the portion of pole piece 118 of 
Fig. 4. the Puil Force at Bl is leas than the Pull Force at 
B. 

It is desirable that the magnetic flux jump back and 
forth only between the armature 14 and the pole piece 
18, and not across annular gaps provided within each 
of the elements. To minimize jumping across annular 
gaps, the boundary layers 30 and AO can be provided 
at all the outer surfaces of the armature and the pole 
piece 1 8. If desired, adjacent portions of the friction face 
15 and the pole face 20 where magnetic flow flux be- 
tween the facee Is desired can be machined to remove 
some or all the boundary layers 30 and 40. Alternatively, 
since these locations are the fictionally engaging sur- 
faces, the faces 15 and 20 can be left unmachmed bo 
that friction a I engagement occurring from use will re- 
move the boundary layers 30 and 40 after a period of 
use. In Fig. 2. arrowe indicating magnetic flux flow be- 
tween the armature 14 and the pole piece 18 are posi- 
tioned at areas in the faces 15 and 20 where magnetic 
flux flow between the components Is desired. 

The armature 14 and the pole piece 18 illustrated 
in Figs. 1 and 2 are separated Into multiple portions by 
preforms 24, 25 and 26. In other embodiments, these 
preforms 24, 25 and 26 can be deleted, and/or gaps can 
be formed in the bodies of the armature 1 4 and/or the 
pole piece 18 to produce multiple flux breaks between 
the armature 14 and the pole piece 18. 

The present Invention can be applied to any desired 
components of electromagnetically actuated clutches. 
For example, in a multi-plate clutch, the plates can be 
treated with a nltrocarburizing process to form hardened 
outer surfaced and substantially unaffected interior por- 
tions. Preferably the depth of the hardened surfaces 
ranges up to 0.01 7 inch and the plates are formed from 
a low carbon steel, such as SAG 1006, 1008 or 1010. 
When incorporating components treated with the 
above-described Invention In a clutch, the back magnet- 
ic circuit can be affected by the flow of magnetic flux 
through the substantially unaffected interior portions. 
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In accordance with the provisions of the patent stat- 
utes, the principle and mode of operation of this inven- 
tion have been explained and illustrated in its preferred 
embodiment. However It will be understood that this in- 
vention may be practiced otherwise than as specifically 
explained and Illustrated without departing from Us spirit 
or scope. 



Claims 10 

1 . An electromagnetically actuated friction clutch com- 
prising: 

rotatably driven input means; is 
a rotatable armature connected to said Input 
means, 1he armature including a friction lace 
and nltroearburlzed outer surfaces; 
a pole piece having a pole face for engaging 
the friction face of ihe armature and njtrocarbu- 20 
rized outer surfaces; 

means for generating an electromagnetic field 
to shift said armature from a disengaged posi- 
tion to an engaged position wherein the friction 
face of the armature and the pole face of the «• 
pole piece are f fictionally engaged; and 
output means driven by the input means when 
the armature is in the engaged position. 

2. The electromagnetically actuated friction clutch de- 30 
fined In claim 1 wherein the armature ie divided into 
inner and outer portions by a preform formed from 

a non-permeable material. 

3. The electromagneticaily actuated friction clutch de- ^5 
fined in claim 1 wherein the armature is formed from 
low carbon steel. 

4. The electromagnetically actuated friction clutch de- 
fined in Claim 1 including a boundary layer formed 40 
at the outer surfaces of the armature which impedes 
magnetic flux flow. 

5. The electromagnetically actuated friction clutch de- 
fined in Claim 4 wherein a portion of the boundary *s 
layer is removed at locations on the friction face 
where magnetic flux flow ie desired. 

6. The electromagnetically actuated friction clutch de- 
fined In claim 1 wherein the polo piece Is divided so 
into inner, middle and outer portions by first and sec- 
ond preforms formed from a non-permeable mate- 
rial. 

7. The electromagnetically actuated friction clutch de- *s 
fined in claim 1 wherein the pole piece is formed 
from low carbon steel. 



The electromagnetically actuated friction clutch de- 
fined in Claim 1 including a boundary layer formed 
at outer surfaces of the pole piece which impedes 
magnetic flux flow. 

The electromagnetically actuated friction clutch de- 
fined in Claim 8 wherein a portion of the boundary 
layer is removed at locations adjacent the pole face 
where magnetic flux flow is desired. 
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FIG. 2 
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